National Aeronautics and Space Administration
Goddard Space Flight Center
Contract No,NAS-5-3760

ST - AM - 10375

. - en492
; - CCES: N NUMB| ) THRL}
g HAAL—
5 W (PAZS) é (CODE)
3 / 9\
2 AT %
mtR OR TMX OR/AD NUMBER) (CATEGORY)

HYDRODYNAMICS OF CLOUD SYSTEMS

by
I. A, Kibel!®

(UssR]

26 AUGUST 196%

cc




ST~ AM = 10375

HYDRODYNAMICS OF CLOUD SYSTEMS

@(\)\&

Doklady A N{ SSSR, Geofizilka by I.A. Kibel!
Tom 163, No. 1, 91~ 93,

Izdatel'stvo "NAUKA", 1965

SUNMARY

This pcper describes a particular case of problems of hydrody -
nanic tieory of cloud systems applying it to two cloud models, and

deriving the respective formulas.
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One of the current problems of dynamic meteorology is the creation
of a detailed hydrodynamic theory of sevarate clouds and cloud systems,
ithen creating such a theory, one must take into account that independently
from, wvhether or not the 2loud shifts, there takes place inside it an
intensive air motion. This motion may be traced as pseudoadiabatic, while
the motion outside the c¢loud may be considered in our problem as adiabatic.
The boundary of the cloud is not known in advance and it must be determi-
ned alongside with the solution of the problem itself.

et us limit ourselves at the moment to the case of a "fixed"
cloud, and let us consider the stage of development of the cloud, when
the process may be considered as stationary, that is the stage of deve-
loped cloud. The motion, concomitant to the cloud, will be considered as
axisymmetrical. The equations of motion will be taken in the form ( the

system of coordinates being eylindrieal) :
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Here g is the altitude above the Zarth's surface;r is the distance
from the axis of symmetry; u,+, w are respectively the velocity com-
ponents alonpg the axis r, the circle and the vertical; T' is the tem-
perature T deflection from its value T oq{(2) at great distance from the
cloud; g is the cravitation acceleration; Ty is the mean temperature
of the air column; & is the gzeopotential's deflection from its standard
value; Ya is the adiabatic gradient ; y= —dlw/ dz-j——conét;e= 1 beyond the
cloud;

e — e — [1_’0,623,L k lma,(Tw)] [1+ 0,623 L %lmax ]“’

% d—1 p T &y P dT .,

with, at the same tire,
-~ T —273
l Te) =6,1-103 Pex 7.13 =
max (7'e0) 10 Pexp(i/,iB 1'00—38)
[see (1)], where ¢p is the heat capacity of the air at constant rressure;
k - the heat capacities' ratio; L is the latent condensation heat *;
Poo(2) is tie standard pressure; P is the pressure at sea level; foo(‘)
is the standard density.
The system (1)- (5) has four integrals which may be constructed
after the current function ¥ has been introduced by way of (4) from the
equalities

r
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* Only tne presence of the liquid phase is assumed, The generalization
to the case when the solid phase is also present may be made easily.,
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'“hen, according to (5), we may write

I'=—(1a—7)[z— £ (})] outside the cloud (7)
"= (Ta— 1) [S E:Tf_:T dz —7, (‘P)] inside the cloud  (8)

o

where f, and I‘l are arbitrary functions of ¥; finally, by way of ex-
clusion of &P, we sikall obtain outside the cloud

1 8 (1 3 t 0 /1 op\__ f» dh , E(Ma—T) Cdh
;—;‘W(T—a‘r‘)'*' "% 6z(5 az)“—??%+*—},n—[fs(¢)rzd—f; )

(p = 0w(2) : p(0)), where f; is a new arbitrery function of Y, and an
am~lo-ocus equation for the cloud with substitution of f3 by 1'3 (new
function)., The fourth integral, that is the Bernoulli law, is not writ-
ten out.

In the following we shall assume that the boundary of the cloud
will be determined by one of two conditions: either this is the sur-
face, intersected by the current lines and which separates the region
of saturation from that, where vapors do not saturate the space ("lower"
boundary), or it is the surface of the current, on which ¥ = const .
("uprer" boundary). On the lower boundary, we shall write the saturation

conditions, which will be represented in the form [see (1) ]:

where Sun = mfy (Yip) + s, (10)
m = [I' 4+ (ya— y)b] (bya — g/ RTw) Y (11)
s = (bto 4 In(0,38P ] qopo) ) (bya — g/ RTm) ", (12)

at the scme time U =202:Tnto =Ty --273; To is the temperature at z =20
far off the cloud: we then ectimate that the specific moisture g, far
off the cloud is riven by the function g, = goexp (—I2z), where a, and
[ are constants.

Aside from (10), we shall require at the lower boundary: a) the
continuitr o temmerature transition; b ) the continuity of vortex transi-
tion Ow/dr— du/dz; ¢)the continuity of ¥ tramsition; d) the continuity |

of M/oz transition.




The condition a) allows, by (7), (8) and (11), to link #; and £;:

mf+s
CooTa — 7T

A =(—mp+ | S dis. (13)

The cornéition b) will interrelate f3 and £, by (9) and (13):

3
fs($) = fs(9) + (mfi+ s)ymndfy [ dy, (14)

where .
n=1— (exya— V) /(va—¥) = (Va—ew¥a) [ (ya—7y)  (15)
(n may be practically considered as constant).
Iet us now rewrite () in the final form, introducing the dimension-

Yoy = ¥, Hz =3z Ilr=r, fll=f, UHF=f,
HQ =fp, lIS=s, Un=u, Usi=v, U=,

Yo=IYg(va— V) [Tw, U=1po/H* H=RIug.

At t;he same time, we estimate that P = exp(~ ), and we shall intreduce
moreover {= 1 — eZ. We shall obtain, dropping the strokes above the let-

ters,
11 8 139, 1 % af 1 L dF |
T r ot T as '"®+zd¢ r3 FTE}T‘ (16)
1 1o 1wy, 1y
p I or ( r ‘aF)"' o
p .
=.(I) -+ Eé—[mzn/—}—mnS—{— (1—mn) z]—%F%. ' (17
It reicains to sclect £, F and ®. ‘
Let us linit ourselves to the examination 1
of two models: a cumulus cloud model, and a mo~ l >
del of the central part of a typhoon. ”’g 35 3 /,la 4'5'
For a cumulus cloud F = 0. We choose A T '
Fig. 1

= —fdf[dy, [="1 —iJ1TF 49

ander the cloud, and |

= —tf+ V1 + 4y
above the cloud.

The boundary of a stationary cloud, responding to the solution of ;
(16) 2nd (17) for m= 4, n = 2,25, s2 = 0.5, is schematically shown in I':i.g.ll..‘1




At computations we assume f =1, and at the same time we bound the atmo-
svhere from above by a wall of height h (" inversion"); h replaces the
quantity RTp/g. To the right of the point A
we have descending currents, to the left —
the ascending ones. The shape of the clouds re-
minds us of the pattern of elongated clouds
of good weather.

For a typhoon (Fig.2) we assumed, under
the cloud and above the cloud, respectively :

F=oV/(@+¢?), ®=- fdf/dy; f="0— Y1+ 4p
and

f=—"%+ ‘/z}/l-{-_T\p
In Fig. 2 we represented schematically the boundary of the cloudiness
(approximate solution of (16) and (17) at m=0,8, n =1.25, S = 0,15,
A= 1/16 and @ = 3,94, We again assumed ¢ =1, and instead of H we
took h (" tropopause"). The shape of the "eye of the stora", of the "anvil®
and of certain other details generally agreeswell with the observations.

ssses THE END =zxsx
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